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Abstract 
The paper introduces a novel approach for ship-detection and ambiguity removal in images acquired from Synthetic 
Aperture Radar (SAR) operating in Low Pulse Repetition Frequency (LPRF) mode. The procedure consists of four 
steps. In the detection step, the bright clusters of pixels representative of the ships are isolated using a Constant False 
Alarm Rate (CFAR) algorithm; in the maximum selection step a pixel maximum in amplitude is chosen for each 
cluster; in the third step the isolated pixels are interpolated and, finally, the stationary point of the curve, 
corresponding to the actual position of the target, is computed. The algorithm is tested on an airborne S-band SAR 
image of the Solent in the United Kingdom. 
1 Introduction 
Ship-detection represents one of the main applications 
in maritime surveillance. In this field there is a need for 
a persistent wide area (global coverage) surveillance. 
The requirements, which any maritime surveillance 
system should provide, are: high probability of 
detection, low probability of false alarm, wide area 
coverage, accurate geo-location, ship identification (if 
possible) and the ability to operate in all weather and 
day/night conditions. There are several ways to monitor 
and track ships even if there is no single means by 
which all the above requirements can be met. For 
example, the Automatic Identification System (AIS), as 
part of coastal-based surveillance systems, is able to 
detect, track and identify ships, but provides a limited 
spatial coverage (up to 40 km off the coast) and requires 
ships with AIS on-board transponders operating 
correctly [1].  
 
In this field, novel monitoring techniques are being 
developed that merge data coming from different 
sources and combine their advantages. The Defence 
Science and Technology Laboratory (DSTL), for 
example, has designed, developed and deployed a 
system called TELESTO, a ship tracking software based 
on AIS networks and other sources such as the Long-
Range Identification and Tracking systems, 
International Maritime Organization mandatory 
reporting sites and commercial fleet tracking services 
[2-3]. 
 
A useful source of input to these techniques could be 
brought by SAR sensors. SAR can be considered a 
complementary means to the traditional ones thanks to 
its ability to acquire images independent from daylight 
and meteorological conditions. SAR sensors are very 
useful in the detection of non-cooperative ships and in 
the tracking of small ships without AIS on-board [4]. 
Modern SAR sensors typically offer wide spatial 
coverage and can operate in constellations to reduce 
revisit time and enabling control of open sea areas. On 
the other hand, the main issues concerned with the SAR 
sensors are the difficulty in identifying ships and the 
comparatively high mission costs compared with optical 
sensors.  
 
A new innovation in this field will be brought by the 
UK mission NovaSAR-S, which will be the first 
spaceborne small satellite SAR mission designed and 
produced at a cost comparable with that of an optical 
mission. Furthermore, it will be able to acquire maritime 
data with a wide swath and consequently a short revisit 
interval thanks to its innovative Maritime mode [5]. 
 
This paper is organized as follows: in section 2 an 
insight about the future NovaSAR-S sensor and its 
Maritime Mode is given; in section 3 a novel approach 
to discriminating between target and ambiguities in 
Maritime Mode is analysed; in section 4 preliminary 
results are presented and discussed and, finally, in 
section 5 conclusions and some future perspectives are 
considered.  
2 NovaSAR-S and the Maritime 
Surveillance mode 
The NovaSAR-S mission developed by SSTL Ltd. and 
Astrium Ltd. in the U.K. will be a constellation of three 
or more SAR sensors operating in S-band [6]. The 
sensor will support flexible modes of operations: 
Stripmap, ScanSAR, wide ScanSAR and Maritime
 Figure 1: Ship-detection flow chart. The rounded rectangles represent input and output data, while the rectangles are 
all the processes needed to perform the algorithm. 
Surveillance. Among its modes of operation, the 
Maritime Surveillance mode is devised specifically for 
ship detection in the open sea and offers a very large 
swath (up to 750 km) and a short revisit interval of less 
than 1 day with one satellite and less than 8 hours with 3 
satellites in a suitable constellation [6]. The Maritime 
mode achieves this very large swath by combining large 
subswaths using the ScanSAR technique with a very 
low pulse repetition frequency (LPRF); the main 
drawback of this technique is that strong azimuth 
ambiguities arise in the final image and this leads to the 
need to further process the image to correctly 
discriminate between genuine targets and ambiguous 
responses. The LPRF system employs a PRF 
significantly (more than 10 times) lower than that 
required by the Nyquist criterion for sampling of the 
illuminated Doppler Bandwidth (BD). As a 
consequence, it results in severe azimuth ambiguities in 
the final image. The lower the PRF is the higher the 
number of strong ambiguities appearing in the SAR 
image, as described in [7]. 
3 Methodology 
It is known from literature that the instantaneous slant 
range changes with the azimuth time [8]; consequently 
the locus of the target and its replicas migrates through 
range cells during the exposure time. The hyperbolic 
form of the slant range equation can be expressed as 
follows according to the Pythagorean Theorem [8]: 
                         ???? ? ???? ? ????                           (1) 
where ???? is the slant range to target distance, ?? is the 
slant range when the radar is closest to the target, ? is 
the radar velocity and ? represents the azimuth time 
(slow time). The equation (1) can be expanded in a 
power series, resulting in a linear Range Cell Migration 
(RCM) term and in a quadratic one. When processing 
radar data the quadratic component is sometimes 
ignored and only the linear RCM is corrected [8]. 
 
The rationale for eliminating the ambiguities and, 
consequently, for detecting the target in the LPRF 
images, is to exploit the uncorrected RCM quadratic. 
The target is located at the zero-Doppler point which 
represents the stationary point (minimum) of equation 
(1). The flow chart of the ship-detection scheme is 
shown in Figure 1, where all the necessary steps to 
detect the target are reported. 
The algorithm accepts as input a Region of Interest 
(ROI) where both target and ambiguities are included. 
First of all, a detection step is performed in order to 
discriminate between the sea clutter and bright points 
(target and ambiguities). The most common detectors 
are based on a CFAR algorithm, in which the sea clutter 
is modelled according to a suitable statistical 
distribution and a threshold is computed to get a 
constant Probability of False Alarm (PFA) according to 
the following equation [6]: 
 
     ???? ? ? ? ? ??????∞ ?? ? ? ??????∞?                 (2) 
where ???? is the sea clutter distribution and T is the 
threshold value [6]. 
 
Once the clusters of pixels have been detected, a 
representative pixel for each cluster is chosen (through 
the max selection block). In this algorithm, the 
maximum amplitude pixel is chosen as representative of 
the cluster. 
The isolated pixels are then interpolated with a second 
order function (interpolation block) and, finally, the 
stationary point corresponding to the zero-Doppler and 
the target position is computed in the last step. The 
current approach is applied to a ROI of the case study in 
the next section. 
4 Outcomes 
This novel ship-detection approach has been tested on a 
dataset acquired from the Astrium airborne 
demonstrator in the harbour between the Isle of Wight 
and Portsmouth in the UK. This Stripmap dataset has 
been down-sampled by a factor of 20 in order to 
simulate a Stripmap LPRF image. The image was 
acquired employing one subswath since the airborne 
platform is not able to implement ScanSAR imaging.  In 
Figure 2 the amplitude of the LPRF image is shown. 
The red rectangle contains the signature of the St. Clare 
cargo ship whose AIS signal is available. In Table 1, 
instead, the acquisition parameters are reported where 
the ratio BD/PRF indicates the number of ambiguities 
which arises in the SAR image. The Doppler bandwidth 
has been approximated with the null to null bandwidth 
of the main lobe of the azimuth antenna pattern [8]. 
However, in the case of SAR images over sea areas, the 
intensity of the side lobes of the real targets (ships and 
vessels) is often greater than the surrounding
  
 
Figure 2: HH amplitude image of Portsmouth harbour in ground range (y axis)/azimuth (x axis) projection. The red 
rectangle identifies the St. Clare cargo signature (both target and ambiguities). 
 
 
 
 
 
 
 
 
 
Figure 3: Detector output of the St. Clare ROI (a). Maximum selection output (b). Interpolation output where the 
zero-Doppler point (target position) is highlighted with a red circle (c). 
Table 1: Portsmouth image acquisition parameters 
Parameter Value 
Polarization HH 
 Azimuth Resolution [m] 4.20 
Range Resolution [m] 4.20 
Azimuth Pixel Spacing [m] 2.00 
Range Pixel Spacing [m] 2.00 
Antenna length [m]  0.47 
Range distance [m] 5580 
Antenna wavelength [m] 0.09 
Platform velocity [m/s] 68.51 
Radar look angle [deg] 53 
PRF [Hz] 38.17 
BD/PRF 7.68 
 
ocean clutter and consequently more ambiguities may 
appear and then detected. 
A region of interest (ROI) of 85x891 pixels, including 
the St. Clare cargo signature without land pixels, is 
isolated and used as input to test the algorithm. In 
Figure 3(a) the output of the detection step is shown 
where a CFAR algorithm is employed with a Gaussian 
sea clutter and?? ? ????. Results show that 11 clusters 
have been detected; in the following stage the maximum  
 
Table 2: Azimuth displacement for each replica 
i-th replica ??????? [m] 
1 152 
2 140 
3 152 
4 140 
5 142 
6 144 
7 144 
8 142 
9 162 
10 154 
 
amplitude pixel is chosen as representative of each 
cluster and the output is shown in Figure 3(b). Finally 
the 11 isolated points are interpolated through the polyfit 
Matlab function of second order and the stationary point 
is computed, as displayed in Figure 3(c) where the red 
circle is the point at the zero-Doppler and represents the 
position of the target. 
 
Furthermore it is possible to evaluate the azimuth 
displacements between the target and the relative 
ambiguities considering the equation [9]: ?
y 
x 
a 
Detector output 
Maximum selection output 
b 
Target position detection 
c 
y 
x 
?????????????????????????????????????? ? ????? ???                             (3) 
 
where ?? is the theoretical azimuth displacement and ? 
is the radar wavelength. The azimuth displacement for 
each replica is listed in Table 2 where ??? ???? 
represents the distance between the i-th and the i+1-th 
replica. Considering the parameters listed in Table 1 and 
the distances measured in Table 2, it is possible to 
evaluate the absolute error in azimuth  ?? according to 
the equation (4): 
 ????????????????????????????? ? ??? ? ??? ? ?????                  (4) 
  
where ?? is the average of the displacements listed in 
Table 2. These results are promising since the absolute 
error is lower than the azimuth resolution. 
 
Finally the maximum RCM between the actual position 
of the target and the replicas position is computed and 
its absolute error from the theoretical quadratic RCM 
component is evaluated. According to [8], the 
maximum quadratic RCM component is achieved when 
the target stays in the maximum of the main beam and 
the ambiguity in the null of the main beam. In formula: 
 ????????????????????????????????????????? ? ???????                                   (5) 
  
where ?? represents the theoretical quadratic RCM 
component and L is the antenna length in the azimuth 
direction. As already underlined before, the intensity of 
the side lobes of the targets are often greater than the 
surrounding clutter and, therefore, the side lobes should 
be taken in account for the ?? computation. In other 
words, the equation (5) represents a lower limit to the 
RCM leading to a greater absolute error if compared to 
the azimuth absolute error. The absolute RCM error ?? 
is reported in equation (6): 
 ????????????????????????????? ? ?? ? ?? ? ??????                    (6) 
 
where  ?? is the RCM measured in Figure 3(c). 
5 Conclusions 
In this paper a new approach to remove the ambiguities 
in an LPRF SAR image has been presented. The 
approach is able to detect the target and to discriminate 
it from the azimuth ambiguities by exploiting the RCM 
shift between the target itself and its replicas. 
 
The azimuth distances between the target and the 
ambiguities show a good match with the theoretical 
results (see equation (4)), while the RCM shift 
measured on the SAR images is not consistent with the 
theoretical one because of the side lobes which should 
be taken in account in the RCM computation (see 
equation (6)). 
 
The algorithm can be employed for the NovaSAR-S 
Maritime mode images with one subswath (continuous 
strip) while the scenario is somewhat different for 
images with more than one subswath, where some 
ambiguities may fall in the burst of a different subswath 
and the target may not be at the closest range distance 
from the sensor since only a section of the azimuth 
antenna beam is employed for each subswath. The 
authors are currently working to improve the presented 
algorithm and to extend its applicability to LPRF 
images with more than one subswath.  
References 
[1] S. Brusch, S. Lehner, T. Fritz, M. Soccorsi, A. 
Soloviev, B. van Schie: Ship Surveillance With 
TerraSAR-X, IEEE Transactions on Geoscience 
and Remote Sensing, vol. 49, n.3, pp.1092-1103, 
2011. 
[2] D. Beard: Utility of NovaSAR for UK maritime 
surveillance applications, DMC and NovaSAR 
International Conference, 2013. 
[3] DSTL: TELESTO data system and the living lab, 
http://www.dstl.gov.uk/Telestodatasystem. 
[4]  S. Ramongassie, N. Taveneau, T. Calmettes, J. 
Richard, R. Challamel, O. Autran, V. Foix, P. 
Durand: Radar and AIS sensors constellation for 
global maritime surveillance, Proceedings of 
Geoscience and Remote Sensing Symposium 
(IGARSS), pp. 3793-3796, 2010. 
[5]    P. Whittaker, M. Cohen, D. Hall, L. Gomes: An 
affordable small satellite SAR mission, 
Proceedings of the 8
th
 IAA Symposium on Small 
Satellite for Earth Observation, 2011. 
[6]    P. Iervolino, R. Guida, P. Whittaker: NovaSAR-S 
and Maritime Surveillance, Proceedings of 
Geoscience and Remote Sensing Symposium 
(IGARSS), pp. 1282-1285, 2013. 
[7] J. Richard, V. Enjolras, C. Schoeser, S. 
Angelliaume, P. Durand: An innovative 
spaceborne radar concept for global maritime 
surveillance: description and performance 
demonstration, Proceedings of Geoscience and 
Remote Sensing Symposium (IGARSS), pp. 
257-259, 2010. 
[8] I. Cumming, F. Wong: Synthetic Aperture Radar 
Data, Artech House, 2004. 
[9] J. Curlander, R. Mc Donough: Synthetic 
Aperture Radar, John Wiley & Sons, 1991. 
